This report supplements the earlier report (13) which discussed the growth rates, water and mineral nutrient intake by the same group of plants. The data herein considered deal with the chemical composition of the leaf and stem tissues at different growth intervals of pineapple plants grown in nutrient solutions in the greenhouse and in soil under field conditions with different amounts of nitrate, potassium, and calcium.
total nitrogen concentrations in the stem for cultures A, D, F, G, and I decreased with advancing plant age, while for B and E they fluctuated, and for culture J, with a single determination, the outcome of the resu-lts was entirely indefinite.
Soluble organic nitrogen concentrations in the non-chlorophyllous basal, no. 1, and in the ehlorophyllous distal, no. 4, sections of the leaves, and in the medial and apical sections of the stem, in figure 3, correlated positively with the concentrations of nitrate in the nutrient solutions of the various cultures. However, in the stem, soluble organic nitrogen concentrations fluctuated slightly, decreasing in the low-N cultures or increasing in the high-N cultures with advancing plant age, presumably due to differential rates of utilization in the formation of new tissues.
Soluble organic nitrogen concentrations in the leaves of the low-nitrate culture A decreased due to insufficient intake of NO3, whereas in cultures B, C, and G, with intermediate nitrate, it remained approximately constant, but increased in the high-nitrate cultures D, E, I, and J, presumably due to greater rates of NO3 intake and assimilation than of utilization as soluble organic-N in protein synthesis for the formation of new tissues.
CALCIUM
The concentrations of this element in the non-chlorophyllous basal, no. 1, and in the chlorophyllous distal, no. 4, sections of the active D leaves, in 
FIC. 3 . Soluble organic nitrogen in the non-chiorophyllous basal, no. 1, and chiorophyllous, no. 4, sections of the leaves and in the medial anld apical stem sections, in September (9), December (12), January (1), February (2) , and April (4) for cultures A, B, C or H, D, E, F, G, I, and S.
figure 1, increased with advancing chronological age from JanuarLy to April and July, except in the basal sections of the F culture. It is possible that the low-nitrate concentrations in the F culture might have effected a low uptake of calcium. In culture A, with lower calcium than in F but with equal nitrate in the nutrient solution, calcium uptake was considerably smaller in the early stages of growth, but increased with advancing plant age, whereas in culture F it decreased with such age. Comparable fluctuations in Ca concentrations were not observed for the chlorophyllous, no. 4, sections where Ca increased with advancing chronological and physiological plant age, in all cultures.
PLANT PHYSIOLOGY
In cultures A, B, C, D, and E, calcium intake correlated positively with the concentrations of this element in the nutrient solutions. However, in cultures F, G, H, I, and J, with equal concentrations of calcium in the nutrient solutions, calcium intake correlated negatively with the concentrations of potassium in the saiime solutions, suggesting antagonistic effects.
Calcium concentrations, in figure 2, were considerably greater in the stem than in the leaves for the same cultures. Previous studies (9) indicated that calcium accumulated more at the meristematic apical regions of the stem in plants of prefruiting than postfruiting status. However, with the formation of the peduncle and the fruit and the termination of the apical stem meristematic tissues during the fruiting stage, the high calcium accumulations in the stem of the prefruiting stage decrease considerably, reappearing gradually in the tissues of the stem of the crown, or top, at the upper terminus of the fruit.
The accumulations of calcium in the apical regions of the stem of plants of prefruiting stage may result from low rates of calcium mobility from the stem to the leaves through meristematic tissues with incomplete development of conducting vessels connecting the two organs.
Of interest are the concentrations of calcium in the stems of cultures D or E and F, the former two with twice and three times, respectively, as high concentrations of calcium in the nutrient solutions as the latter, showing that culture F contained as high calcium in the stem in January as E and D. The high calcium content of the F culture, presumably, resulted from a lower intake of, and lack of antagonism by potassium, than in cultures D or E, with greater concentrations of potassium. The chlorophyllous distal, no. 4, leaf sections contained from one to four times as much nitrogen, calcium and potassium as the basal non-chlorophyllous sections. The greater accumulations of nitrogen in the chlorophyllous than non-chlorophyllous sections were related to the greater concentrations of chloroplastic proteins in the former. However, potassium and calcium accumulated more in the chlorophyllous sections as a result of the acropetal movement of the transpiration stream in Ananas and other monocotyledonous plants.
SUGARS Previous results (8, 10, 12) revealed that sugar concentrations in the leaves were intimately associated with the metabolic activities of the tissues of different sections. For example, sugar concentrations in chlorophyllous distal sections were generally related to the rates of photosynthesis and of translocation to other parts of the plant, while in non-chlorophyllous basal sections they were related to the rates of translocation from the chlorophyllous sections and of utilizations by meristematic tissues in growth or of polymerization in specialized storage tissues.
In trations were greater in cultures A, B, and C, with low nitrate, than in D and E, with high nitrate, presumably due more to the advanced chronological age and lower rates of growth of the fruits of the former. Also, the fruits of cultures A, B, and C, resulting from earlier periods of floral differentiation, were at more advanced stages of development and required less sugars for the formation of new tissues than the fruits of cultures D and E.
Moreover, the final mean fruit weights for cultures A, B, C, D, and E were, respectively, 1500, 1600, 1700, 1850, and 2100 grams, suggesting differential rates of sugar utilization for the different cultures.
Sugar fluctuations in the stems of the different cultures at various growth intervals were presumably related to different rates of production by photosynthesis in the leaves, translocation to and utilization by the meristematic tissues, for new growth, in the stem, leaves or fruit. Sugar concentrations in the leaves, in figures 5 A and 5 B, showed certain differences between the non-chlorophyllous tissues of meristematic status of the basal sections and those of the chlorophyllous-transitional, -low, -medial, and -terminal sections (8) , which resulted from differences in physiologic function.
For instance, malic and citric acid concentrations, at night or under reduced.light conditions, were greater in the chlorophyllous than non-chlorophyllous tissues of the same leaves (10, 11, 12) , due to differences in the metabolic activities of same. Also, sugar concentrations, in inverse relation to organic acids, varied between chlorophyllous and non-chlorophyllous tissues of the leaves. However, differences in sugar or organic acid concentrations between comparable tissues of leaves of different plants were related to differences in the rates of growth of said plants (12) . Sugar concentrations for culture A, in figure 5 A, were higher in the basal than in all other sections of the active D leaves at all growth intervals, except in September 1942 and May 1943, in the early and late stages of growth. The association of high sugar concentrations with the tissues of the non-chlorophyllous basal sections of meristematic status suggests that the rate of nitrate intake by the roots from the external solution was much lower than that of translocated sugars from the chlorophyllous sections for utilization in new growth. Sugar concentrations in culture F, in figure 5 B, with low potassium but with nitrate concentrations equal to A, were considerably lower in the non-chlorophyllous basal than in the chlorophyllous distal sections, suggesting conditions other than high rates of utilization for the low sugar values. Sugar concentrations in the chlorophyllous distal sections of culture A was approximately 170% as high as in F. This difference might suggest much lower rates of sugar translocation from the chlorophyllous distal to the non-chlorophyllous basal sections in culture F.
Previous studies (10) 
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During the growth intervals of May and July, following the cessation of new growth in the leaves and stems except in the fruits, and decreased sugar consumption, sugar concentrations were much greater in the basal than in the chlorophyllous distal sections for cultures A and F. There is, also, the possibility that decreased photosynthetic activity due to aging might account for the lower sugar concentrations in the chlorophyllous than in the non-chlorophyllous sections for May and July than for previous intervals. Previous experiments (10), reporting differences in the sugar and organic acid concentrations in the tissues of new and old leaves, have indicated that aging, affecting the photosynthetic activity, caused reductions in the concentrations of both substances.
Sugar concentrations were greater in the chlorophyllous than the nonchlorophyllous sections of the active D leaves of culture B than of A. The results suggest that in culture B, with twice as great supplies of nitrogen as A, the rate of sugar utilization in the meristematic tissues of the basal -sections was greater. It is also possible that in culture B, with greater leaf growth than A, the rate of sugar production by the chlorophyllous distal sections presumably exceeded that of utilization by the non-chlorophyllous basal sections, consequently resulting in greater accumulations.
Sugar concentrations in culture G, in figure 5 B, differed only slightly from those in F, except in May and July, when they were greater in the chlorophyllous sections of G. Such differences should be attributed to the greater nitrate intake of the G cultures which, supplying more nitrogen for the requirements of the chloroplastic proteins, presumably increased the photosynthetic efficacy of the chloroplastic tissues.
In cultures C or H, sugar concentrations were greater in the chlorophyllous distal than in the non-chlorophyllous basal or transitional sections at all growth intervals. Contrasting culture C with A or B, sugar concentrations in the chlorophyllous distal sections were greater in the former than latter cultures, due to greater nitrate intake, and its consequent favorable effects on chloroplastic proteins. However, in the non-chlorophyllous basal sections, sugar concentrations at most growth intervals were greater for cultures A and B than for C, resulting from lower rates of sugar utilization for the former.
Sugar concentrations in both non-chlorophyllous and chlorophyllous sections were lower in culture H, identical to C, in figure 5 B, with higher external supplies of potassium than in cultures F and G, presumably due to sugar polymerization by the higher potassium concentrations in the tissues.
Sugar concentrations in cultures D and E, with twofold and fourfold as great nitrate concentrations, respectively, as C, differed very little from the latter, presumably due to small differences in nitrate intake and rates of assimilation between the former and latter cultures (13 , and J than in C or H caused, in the former, slightly greater rates of plant growth and nitrate absorption and sugar utilization in the non-chlorophyllous basal leaf sections than in the latter, but at no time complete exhaustion of nitrate in the nutrient solutions.
In culture I, with considerably greater stem growth and total starch reserves, sugar concentrations were smaller than in D, presumably due to continuation of vegetativeness in the former and utilization of sugars for growth, except in one of 16 plants which fruited.
From the point of view of general observation, the plants of the different cultures varied in stem, leaf, and root weights (13) . Also, the leaves had different degrees of greenness, or amounts of mottling or necrosis at the terminal regions. In the low-nitrate cultures A and F, the mature C and active D leaves developed, following the period of flowering, mottling of yellowish to brown areas at the terminal regions which gradually extended downward to approximately one fourth or more the length of the leaves. Such areas gradually became chlorotic, and in severe cases necrotic or dried, reducing considerably the photosynthetic area and efficacy of the leaves. Similar conditions were not observed in the high-nitrate cultures, indicating that nitrogen insufficiency in the low-nitrate cultures during the period of rapid fruit growth was responsible for the mottling and necrotic condition of the terminal tissues of the leaves. Unpublished data have indicated that terminal leaf necrosis during the fruiting stage is associated with the withdrawal of water and food reserves from mature and old leaves for the promotion of fruit or new vegetative growth.
FIELD GROWN PLANTS
Results from plants grown in the field from October 1943 to August 1945, with 500 pounds of nitrogen, as ammonium sulphate, and 0, 200, 400, 800, 1600 and 3200 pounds of K20, as potassium sulphate, in solution, are given in table I; also, mean fruit and slip weights of same were reported in figure 5 C of a previous publication (13) .
The data in 
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lute amounts of reducing sugars or starch and stem weights lacked statistical significance, presumably due to variations in the rates of mutual interconversion of these substances and to the small number of samples. In the leaves, similar correlations were statistically significant for dry matter, sucrose, total nitrogen and protein-N, with coefficients, r, of 0.98, 0.98, 0.98, and 0.96, respectively, at P = .01, and for total sugars, starch and soluble nitrogen, with correlation coefficients, r, of 0.78, 0.79, and 0.76, respectively, at P = .05.
The ratios of the weights of the stems or of the leaves of treatments E, D, C, B, or A, with 3200, 1600, 800, 400, or 200 pounds of added K20 per acre, respectively, to similar weights of the X treatment, without added K20, in table I, increased with greater amounts of K20 per treatment. Comparisons between the ratios of stem and leaf weights for similar K20 treatments show that the former increased at greater rates than the latter. For instance, ratios of stem or leaf weights of the E, with 3200 pounds K20, to X, without added K20, was 2.40 for the stem and 1.69 for the leaves. Similar ratios for the stem or leaf weights of treatments E, D, C, B, or A to X were greater for the stem than the leaves, definitely indicating that high potassium increased stem weights more than leaf weights. Similar results were also obtained for the nutrient solution cultures under greenhouse conditions.
The data in figure 6 , depicting concentrations of different substances in the basal, no. 1, and in the chlorophyllous distal, no. 4, sections of the active D leaves and in the apical stem sections for the various K20 treatments of 14-months-old plants harvested in December, reveal results as follows:
In figure 6A , nitrates in the basal leaf tissues of cultures with equal amounts of ammonium sulphate but different amounts of potassium sulphate increased with greater amounts of potassium, indicating that this element accelerated the intake, translocation and possibly assimilation of nitrate.
Phosphate concentrations, in figure 6A , slightly lower in the cultures with great than small amounts of potassium sulphate, might have resulted from dilution effects due to greater plant weights in the former cultures. Total phosphate intake per plant, obtained by multiplying P04 concentrations by plant weights, was greater in the high--than low-potassium cultures.
Potassium intake correlated positively with the amounts of potassium supplied externally to the different treatments. The soil containing approximately 500 pounds of replaceable potassium per acre showed, in the X treatment, 2.4 mg. per gram of fresh tissue, approximately one half as high as that in treatment E, with 3200 pounds of added potassium.
In figure 6 B, soluble organic nitrogen and protein in the stem fluctuated slightly between the different treatments. However, in all treatments soluble organic nitrogen was from 1.80 to 2.50 times as great as protein nitrogen.
In the chlorophyllous distal, no. 4, sections of the leaves, soluble organic nitrogen and protein nitrogen fluctuated from 10 to 20%o of total between different treatments. 
PLANT PHYSIOLOGY
Contrasting soluble organic and protein nitrogen in figure 6 B, the data show that the former was twice as great in the stem as in the leaves, and the latter twice as great in the leaves as in the stem. The differences in the amounts of these nitrogenous fractions between stem and leaves should be attributed to differences in the physiological functions of the tissues; the leaves requiring more protein-N in association with chlorophyll (11) than the stem, which is lacking in chlorophyll.
. Starch, a product of sugar polymerization and in a state of constant translocation from the leaves to the stem, fluctuated considerably with maximal values at the X and D treatments. Starch concentrations may vary, depending on the amounts of sugars in excess of those required for growth and other urgent vital functions.
Treatment X, without added K20, showed greater concentrations of starch than all other treatments, which should be attributed to higher rates of sugar polymerization as a result of lower rates of sugar consumption in growth. However, starch concentrations in all other treatments except in the 800 pounds of K correlated positively with amounts of potassium and negatively with sugars.
Total and reducing sugars, in figure 6 B, decreased with greater amounts of potassium, indicating greater rates of utilization in growth for the high than low potassium treatments.
Also, results obtained on sugar concentrations in the basal sections of the active D leaves, under greenhouse conditions, showed greater sugar concentrations for the low than high potassium cultures, which agree with the data obtained for the field grown plants.
The curves for the nitrate and reducing sugar concentrations in the basal sections of the active D leaves, in figure 6 C, showed more nitrate for the treatments with high than low potassium, while the curves for the concentrations of sugars were reversed in relation to potassium. The concentrations of reducing sugars in the tissues correlated negatively with the concentrations of nitrates with a coefficient, r, -0.94, statistically significant at P = .01. These results indicate that the rates of sugar utilization were greater in the presence of high than low nitrates and potassium in the tissues.
The soil in which the plants were grown, of laterite type, ranged in replaceable potassium from 300 to 500 pounds per acre. It was fumigated before planting with chloropicrin at the rate of 150 pounds per acre by injection in the planting holes through the mulch paper. Rainfall during the last quarter of 1943, the time of planting, was 3.5 inches; for the entire year of 1944, the growing period of the plants, it was 29.5 inches. The rainfall for the first six months of 1945, the period of floral differentiation and fruit growth, was 22.7 inches. Average day temperature was 75 and 74 degrees, and night temperature 68 degrees for 1944 and 1945, respectively. Average light intensity, in foot-candles, was 4000 and 4100 for 1944 and 1945, respectively. The altitude of the field where the experiment was located is approximately 1000 feet.
These results are of a basic nature, and no attempt is made at this time to apply them to routine field operations, due to great variations in soil fertility and climatic conditions in different locations and for different years.
Discussion
The various data pertaining to the effects of time on the chemical composition of the leaves at different growth intervals, reveal that, with advancing physiological age, total nitrogen and potassium increased in the chlorophyllous, no. 4, but decreased in the non-chlorophyllous basal leaf sections. Calcium concentrations increased in the basal and chlorophyllous leaf sections with advancing age, with the exception of cultures F and G, with very low calcium in the nutrient solutions.
In the stem, calcium decreased with advancing plant age, except in culture E, with very great calcium concentrations in the nutrient solutions.
PLANT PHYSIOLOGY
Calcium concentrations in the stem correlated inversely with potassium concentrations, with a coefficient, r, -0.84, statistically significant at P = .01.
Much greater accumulations of calcium have been observed in the stems of preflowering than of postflowering plants, presumably resulting from differences in the rates of calcium movement from the stem to the leaves. Such differences in calcium concentrations were explained on the basis of differences in the anatomy of the apical tissues of the stem of preflowering and postflowering plants. In preflowering plants, the apical tissues of the stem, with undifferentiated meristematic tissues and with many conducting vessels incompletely developed, the movement of calcium from the stem to the leaves was not as rapid as through the stems of postflowering plants, the latter with all conducting vessels completely developed. KRAUSS (3), in a diagrammatic illustration of the apical meristem of preflowering plants, in her figure 32, showed three distinct areas, namely, the undifferentiated acroscopical, the differentiating but unspecialized, and the specialized meristematic tissue which, due to differences in the development of the conducting vessels at different stages of plant growth, may vary considerably in degree of permeability to ions or molecules of different elements, the rates of conduction or of translocation increasing with tissue maturity and completion of the development of the vessels, and vice versa.
The movement of ions or molecules through meristematic tissues, lacking conducting vessels, may be subject to forces related to osmosis, surface tension or water movement by transpiration, in which case ions with small radii, such as potassium, may enter the tissues more readily than ions with large radii, such as calcium (2) .
Sugar fluctuations in the non-chlorophyllous basal sections of leaves, of meristematic status, of cultures with variable nitrate concentrations, at different growth intervals, were attributed to different rates of utilization in growth. Similar fluctuations in the chlorophyllous distal sections were attributed to variations in photosynthetic efficacy.
During and following the period of flowering, the stem and leaves of the pineapple plant attain little or no additional growth. With the cessation of growth in the tissues of the basal sections and gradual senescence in the tissues of the chlorophyllous distal sections, sugar concentrations in the leaves may be decreased by translocation to the fruit, slips, suckers, and roots for the promotion of growth activities, although similar activities in the basal sections of the leaves already had ceased.
Sugars utilized for growth in the meristematic tissues of the basal regions of the active D leaves are translocated from the chlorophyllous distal sections of the same leaves wherein they are produced. Very young leaves, lacking ample areas of chlorophyllous-tissues for the synthesis of sugars required in the apical meristematic regions of the stem, are supplied with sugars translocated from mature leaves or from reserves in the stem.
In view of the close association of the sugar supplies produced by the chlorophyllous tissues of the distal sections with those consumed for growth by the meristematic tissues of the non-chlorophyllous basal sections of active leaves, the curves, in figure 7 , depicting the sugar ratios of the chlorophyllous distal to the non-chlorophyllous basal sections at different growth intervals, suggest that potential sugar availability varied under the conditions of the different cultures. For example, the curve for culture A, with very low nitrate, and that of B, with twice as much nitrate, both with suboptimal supplies of nitrate, indicated low ratios, suggesting that sugar utilization was limited by inadequate nitrate supplies. The curves for cultures C, D, and E, occupying higher levels, indicated greater supplies of sugars for utilization than for A and B, presumably due to greater photosynthetic efficacy in the high nitrate cultures.
Turning figure 7 upside down, thereby reversing the interpretation of the sugar ratios from "consumption" to "accumulation," we observe that the curves for "accumulation" of sugars in the meristematic tissues of the basal sections were greater in the cultures A and B, with lower nitrate concentrations in the nutrient solutions, than in cultures C, D, and E, with higher concentrations of nitrate.
The ratios of sugar concentrations in the chlorophyllous distal to the non-chlorophyllous basal sections may be employed as a basis for the evaluation of sugar utilization in growth under differential nitrogen nutrition, although its use may be limited in application under conditions involving other variables of mineral nutrients than those in the experiments under discussion. However, with additional experimentation, a more precise method than the present may be evolved for the interpretation of the sugar ratios and their meaning in plant growth.
The biochemical and physiological processes involved in the utilization of sugars for growth, via fermentation by phosphorylation or other paths of oxidation, have been reviewed by BARRON (1) and Krebs (4) .
Experimental results of the authors (12) indicated that the leaves of pineapple plants accumulated at night, in darkness, great quantities of di-or tri-carboxylic acids, i.e., malic or citric, which disappeared during the day, in light. The rates of organic acid accumulation increased with higher growth rates and vice versa. Moreover, plants with high growth rates contained smaller amounts of sugars than with low rates, suggesting that sugars were oxidized to malic or citric acid in the metabolic processes for growth. The disappearance of malic and citric acids in the leaves during daylight could not be definitely traced in other products of metabolism, although there was a slight indication of combination with nitrogen and conversion to amide or amino compounds.
THIMANN and his colleagues (14, 15) observed that the 4-carbon acids, i.e., malic, etc., accelerated the rates of growth, respiration, and protoplasmic streaming in the presence of auxin, sugar, and oxygen. The same author compared the action of auxin to that of a switch causing the metabolism of carbohydrate, especially of pyruvate, to go via the growth-promoting system instead of by another. Auxin determinations in the stem and leaves of Cabezona pineapples, by VAN OVERBEEK et al. (16) , showed concentra-
